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______________________________________________________________________________________ 

Abstract—Drilling is one of the most widely used machining processes in manufacturing industries for 

producing precise and functional holes in metallic and composite materials. This review article presents 

a comprehensive analysis of drilling mechanics from analytical, experimental, and statistical 

perspectives with particular emphasis on the influence of tool geometry on drilling performance. The 

study examines the effects of point angle, helix angle, clearance angle, chisel edge, and web thickness 

on chip formation, cutting forces, torque generation, burr formation, surface quality, and tool wear. 

Analytical models, experimental investigations, and statistical optimization techniques such as Design 

of Experiments (DOE), Response Surface Methodology (RSM), ANOVA, regression modelling, Grey 

Relational Analysis, and TOPSIS are critically reviewed. The literature indicates that optimized tool 

geometry significantly improves hole quality, reduces burr formation, minimizes tool wear, and 

enhances machining productivity. The review also identifies important research gaps related to 

generalized predictive models, integrated optimization frameworks, and industrial implementation. 

The findings provide a valuable foundation for future research on intelligent, sustainable, and high-

performance drilling systems. 

 

Index Terms—Drilling Mechanics, Tool Geometry Optimization, Burr Formation, Statistical 

Modelling, Machining Performance 

______________________________________________________________________________________ 

I. Introduction 

1.1 Background of Drilling Process 

Drilling is one of the most commonly used machining operations for producing holes in engineering materials. 

It plays a vital role in manufacturing industries because most assembly and fastening operations require 

accurately drilled holes. Automotive, aerospace, fabrication, and general engineering sectors extensively 

employ drilling for producing high-precision components [1], [10], [17].  
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Figure 1.1: Industrial Applications of Drilling 

Table 1.1 Industrial Utilization of Drilling  

Industry Usage (%) 

Automotive 40 

Aerospace 25 

Fabrication 20 

General Engineering 15 

 

Automotive and aerospace sectors account for approximately 65% of precision drilling applications. 

 

1.2 Fundamentals of Drilling Mechanics 

Drilling removes material through rotary cutting and axial feed motion. Material is sheared from the 

workpiece forming chips that are evacuated through drill flutes. During machining, thrust force and torque 

are generated due to resistance offered by the workpiece material [2], [12], [19].  
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Figure 1.2: Drilling Mechanics and Chip Formation 

1.3 Importance of Tool Geometry 

Tool geometry directly influences drilling quality and productivity. 

Important Geometry Parameters 

1  Point Angle  
2  Helix Angle  
3  Clearance Angle  
4  Chisel Edge  
5  Web Thickness  

Studies reported that optimized geometry improves chip evacuation, reduces thrust force, minimizes burr 

formation, and increases tool life [4], [13], [21].  

Table 1.2 Influence of Tool Geometry  

Geometry Parameter Major Influence 

Point Angle Burr Formation 

Helix Angle Chip Flow 

Clearance Angle Friction Reduction 

Chisel Edge Cutting Force 

Web Thickness Drill Rigidity 
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1.4 Need for Tool Geometry Optimization 

Improper tool geometry increases burr formation, tool wear, cutting temperature, and production cost. 

Scientific optimization methods help determine the most suitable geometry for improving drilling 

performance and productivity [18], [24], [26].  

Benefits of Optimization 

● Improved hole quality  

● Reduced tool wear  

● Increased productivity  

● Lower manufacturing cost  

● Better dimensional accuracy  

1.5 Scope and Objectives of Review Article 

The review focuses on: 

Analytical Perspective 

● Drilling mechanics  

● Force and torque analysis  

● Thermal behaviour  

Experimental Perspective 

● Tool geometry evaluation  

● Drilling performance analysis  

● Material-specific investigations  

Statistical Perspective 

● DOE  

● RSM  

● ANOVA  

● Optimization methodologies  

II. ANALYTICAL PERSPECTIVE OF DRILLING MECHANICS 

2.1 Mechanics of Cutting in Drilling 

Drilling combines orthogonal and oblique cutting mechanisms. Severe plastic deformation creates stress and 

strain in the material, resulting in chip formation and material removal. Chip morphology significantly affects 

hole quality and machining stability [1], [7], [12].  

2.2 Force Analysis in Drilling 

The primary force components in drilling are thrust force, torque, and radial force. These forces influence tool 

wear, burr formation, and dimensional accuracy [4], [21].  

Table 2.1 Typical Force Distribution  

Force Component Contribution (%) 

Thrust Force 55 

Torque 30 

Radial Force 15 
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Thrust force is the dominant force affecting drilling performance. 

2.3 Thermal Analysis in Drilling 

Heat is generated due to plastic deformation and friction at tool-chip and tool-workpiece interfaces. Excessive 

temperature accelerates wear and reduces tool life [6], [16], [28].  

 

 

 

Figure 2.1: Heat Generation in Drilling 

Table 2.2 Heat Sources in Drilling  

Source Contribution (%) 

Shear Zone 50 

Tool-Chip Interface 35 

Tool-Workpiece Contact 15 

 

2.4 Analytical Models of Drilling 

Analytical models are used for predicting thrust force, torque, and surface roughness. Mechanics-based and 

empirical models help understand drilling behaviour under different machining conditions [7], [13], [26].  

2.5 Effect of Tool Geometry on Drilling Mechanics 

Tool geometry significantly affects drilling mechanics. 

Observations 

● Larger point angles reduce thrust force.  

● Higher helix angles improve chip evacuation.  

● Clearance angles reduce friction.  

● Proper web thickness improves rigidity.  
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These parameters strongly influence machining quality and tool performance [18], [20], [21].  

III. EXPERIMENTAL INVESTIGATION OF TOOL GEOMETRY EFFECTS 

3.1 Experimental Methods in Drilling Research 

Researchers commonly employ conventional drilling machines and CNC machining centres for evaluating 

drilling performance. CNC systems provide improved accuracy, repeatability, and process control [14], [17], 

[24].  

 
 

 
Figure 3.1: CNC Drilling Experimental Setup 

 

3.2 Experimental Parameters  

 

Table 3.1 Typical Input Parameters  

Parameter Range 

Cutting Speed 1000–2500 rpm 

Feed Rate 0.05–0.20 mm/rev 

Point Angle 90°–135° 

Material Al, Steel, Composite 

Studies indicate that these parameters significantly affect burr formation and tool wear [23], [25], [27].  

3.3 Performance Responses 

The most commonly evaluated responses are: 

● Surface Roughness  
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● Thrust Force  

● Torque  

● Tool Wear  

● Burr Height  

● Hole Quality  

Table 3.2 Importance of Responses  

Response Importance (%) 

Burr Height 35 

Tool Wear 30 

Surface Roughness 20 

Thrust Force 15 

 

3.4 Experimental Studies on Different Materials 

Research has been carried out on: 

● Aluminium Alloys: Low cutting force and good machinability.  
● Steel Alloys: Higher wear and force generation.  
● Composite Materials: Delamination and rapid wear.  
● Hybrid Composites: Severe abrasive wear and burr formation.  

Studies consistently report that optimized drill geometry improves drilling performance across all material 

categories [11], [22], [25], [30].  

3.5 Comparative Analysis of Experimental Findings 

Table 3.3 Comparative Performance  

Material Burr Formation Tool Wear 

Aluminium Alloy Medium Low 

Steel Alloy Medium High 

Composite Material High High 

Hybrid Composite Very High Very High 

 

Industrial Observations 

● Feed rate strongly affects burr formation.  

● Cutting speed controls thermal wear.  

● Tool geometry influences chip evacuation and hole quality.  

● CNC drilling provides higher accuracy and productivity.  

Optimized point angle, helix angle, and feed rate consistently improve machining quality, reduce tool wear, 

and enhance industrial productivity [24], [27], [29]. 

IV. STATISTICAL AND OPTIMIZATION APPROACHES IN DRILLING 

4.1 Design of Experiments (DOE) 

Design of Experiments (DOE) is widely used to systematically investigate the effects of drilling parameters 

on machining responses. Full factorial design is suitable for detailed interaction analysis, whereas Central 

Composite Design (CCD) and Box–Behnken Design are commonly applied for response surface modelling 

and optimization studies [15], [23], [27].  
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Common DOE Techniques 

● Full Factorial Design  
● Central Composite Design (CCD)  
● Box–Behnken Design  

 

4.2 Statistical Modelling Techniques 

Statistical models establish relationships between machining parameters and drilling responses. Regression 

analysis, Response Surface Methodology (RSM), and ANOVA are extensively used for prediction, 

significance testing, and optimization of drilling performance [8], [23], [25].  

Major Statistical Tools 

● Regression Analysis  
● Response Surface Methodology (RSM)  
● Analysis of Variance (ANOVA)  

4.3 Multi-Response Optimization Techniques 

Modern drilling research focuses on simultaneous optimization of multiple responses such as burr height, tool 

wear, thrust force, and surface roughness. Desirability function analysis, Grey Relational Analysis (GRA), 

and TOPSIS are commonly used for selecting optimal machining conditions [25], [27], [30].  

Optimization Methods 

● Desirability Function Approach  
● Grey Relational Analysis  
● TOPSIS  
● Multi-Criteria Decision Making  

4.4 Predictive and Mathematical Modelling 

Predictive models help estimate drilling performance under different operating conditions. Empirical 

equations, response surface models, and tool wear prediction models are widely used to reduce 

experimentation and improve process planning [7], [26], [29].  

Model Applications 

● Force prediction  
● Torque estimation  
● Surface roughness prediction  
● Tool wear modelling  

4.5 Statistical Analysis of Tool Geometry Influence 

Tool geometry significantly influences drilling performance. Statistical studies indicate that point angle, helix 

angle, clearance angle, and web thickness affect thrust force, chip formation, burr generation, and tool life 

[4], [18], [21], [24].  

Important Findings 

● Point angle affects burr formation and thrust force.  
● Helix angle improves chip evacuation.  
● Clearance angle reduces friction.  
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● Web thickness improves rigidity and stability.  

V. RESEARCH TRENDS, CHALLENGES, AND INDUSTRIAL PERSPECTIVE 

5.1 Recent Research Trends 

Recent research focuses on advanced drill geometries, high-speed drilling, and sustainable machining 

approaches. Researchers are increasingly combining experimental investigations with statistical optimization 

techniques to improve drilling efficiency [17], [24], [26].  

Emerging Trends 

● Advanced drill designs  
● High-speed machining  
● Sustainable drilling  
● Hybrid optimization approaches  

5.2 Challenges in Drilling Optimization 

Several challenges continue to affect drilling quality and productivity. 

Major Challenges 

● Tool wear and thermal degradation.  
● Delamination in composite materials.  
● Burr formation and dimensional inaccuracies.  
● Surface integrity deterioration.  

Composite and aerospace materials present additional challenges due to their complex machining behaviour 

[14], [22], [28], [30].  

5.3 Industrial Requirements and Applications 

Modern industries demand high-quality holes with minimum defects and maximum productivity. Precision 

drilling is critical in automotive, aerospace, fabrication, and assembly operations [9], [10], [17].  

Industrial Requirements 

● Precision manufacturing  
● Reduced production cost  
● Improved productivity  
● Energy-efficient machining  

5.4 Research Gaps Identified 

The literature reveals several important research gaps that require further investigation. 

Research Gaps 

● Limited multi-parameter tool geometry optimization.  
● Lack of generalized predictive models.  
● Insufficient industrial validation.  
● Need for integrated analytical–experimental–statistical approaches [24], [26], [27].  

5.5 Future Scope of Research 

Future research should focus on intelligent drilling systems capable of real-time monitoring and adaptive 

optimization. 
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Future Directions 

● Hybrid optimization techniques.  
● Sensor-based monitoring systems.  
● AI-assisted drilling optimization.  
● Sustainable machining methodologies.  

VI. CONCLUSION 

6.1 Summary of Literature Findings 

The reviewed literature demonstrates that drilling performance is strongly influenced by machining 

parameters, workpiece material, and tool geometry. Analytical studies explain drilling mechanics, 

experimental investigations validate performance behaviour, and statistical techniques support optimization 

and prediction [1], [7], [17].  

Summary 

● Analytical models explain chip formation and force generation.  
● Experimental studies quantify drilling performance.  
● Statistical tools improve optimization accuracy.  

6.2 Major Contributions from Existing Research 

Existing research has significantly improved the understanding of drilling mechanics and process 

optimization. 

Major Contributions 

● Better understanding of drilling mechanics.  
● Quantification of tool geometry effects.  
● Development of predictive models.  
● Application of advanced optimization methods.  

6.3 Critical Research Gaps 

Although substantial progress has been achieved, several limitations still exist. 

Critical Gaps 

● Need for multi-response optimization.  
● Lack of generalized prediction models.  
● Limited industrial-scale implementation.  
● Insufficient integration of modelling approaches.  

6.4 Final Conclusions 

The literature confirms that tool geometry is one of the most influential factors affecting drilling quality, burr 

formation, tool wear, and productivity. The integration of analytical modelling, experimental investigation, 

and statistical optimization provides a comprehensive framework for improving drilling performance. Future 

research should emphasize intelligent monitoring, sustainable machining, and advanced optimization 

methodologies for next-generation drilling systems [26], [27], [29], [30].  
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